Abstract. The influence of vinegar concentrations on the rheological properties of 40% (w/w) sunflower oil-in-water emulsions stabilized with 7% (w/w) gelatinized bambara groundnut flour (BGNF) was investigated. The rheological properties of interest were steady shear, time dependent and viscoelastic characteristics. Rheological characterizations of the emulsions were carried out using a shear rate controlled rheometer. Both emulsions with and without vinegar were pseudoplastic, thixotropic and viscoelastic fluids. Vinegar however, significantly (p < 0.05) affected rheological properties of BGNF-stabilized emulsion. Vinegar in the emulsion decreased extent of thixotropy, pseudoplasticity and viscoelasticity of BGNF-stabilized emulsions. The results indicated that the rheological properties of BGNF-stabilized emulsion can be controlled and manipulated using vinegar however, the presence of vinegar in BGNF-stabilized emulsion may be deleterious to the emulsion. The result provided the information to understand the influence of vinegar on the rheological properties of BGNF-stabilized emulsions for product and process development.
Introduction
Oil-in-water (O/W) emulsions are manufactured by dispersing oil into water in the form of small droplets. Intense energy is however, required for the emulsification of oil in water. Different machines are available for the emulsification process such as rotor-stator systems and high-pressure homogenizer [1] . Some commercial O/W food emulsions are mayonnaise, salad creams and beverages. Among emulsion properties are its physical stability and rheological properties.
Rheology is defined as the science that is concerned with the deformation and flow of matter [2] . The knowledge of the rheological properties of food dispersions cannot be over emphasized for numerous reasons. Rheological data of food products are needed in shelf life testing, process engineering calculations, determination of ingredient functionality, quality control and in sensory evaluations [1, 3] . Rheological data are also useful during food product development stage [4] and could address the industrial production of food (stirring, pumping, dosing, dispersing and spraying), home based cooking as well as consumption of food (oral perception, digestion and wellbeing) [1, 5] . From a technological point of view, the rheology of food dispersions is fundamental mainly due to its relationships with emulsion stability [5] . Popular rheological characterizations of food materials include steady flow, time-dependent and viscoelastic properties.
The steady flow characterization tests give information regarding the viscous characteristics of a material and can either be performed by stepped shear stress / shear rate or ramped shear stress/ shear rate [6] . Viscous behaviour of food dispersions are always described using rheograms, which shows the relationship between the applied load/force and the resulting flow of the material. Fluid materials can exhibit shear thinning, shear thickening, plastic or complex flow behaviour when sheared over a broad range however, most food dispersions are non-Newtonian and tend to have a shear thinning behaviour when sheared [5] . Time-dependent characteristic of materials is related to internal structural destruction during flow and as such it is as a result of structural changes due to shearing. Time-dependent rheological behavior manifests as a progressive decrease in viscosity (break down of structure) when a material is sheared at a constant shear rate over a period of time and such structure may be recoverable when the system is left unperturbed [7] . Time-dependent rheological behavior is therefore very important for understanding the products changes that occur during processing [8] , for the quality control, product optimization, texture, shelf-life and for the design of processing equipment [3] . Two approaches for time-dependent characterization of food materials are the transient rheological approach and the hysteresis loop approach [9] . Viscoelasticity is a term used to mean the existence of the viscous and elastic properties and it provides information on the intermolecular and interparticle forces in materials. Linear viscoelasticity is the simplest viscoelastic behaviour of a material and can be obtained when the applied strain is sufficiently small enough not to affect the molecular structure of the material. Viscoelastic properties of emulsions give information regarding the long term storage stability and emulsion stability during transportation and handling. Most popular viscoelastic tests include creep compliance and recovery test, stress relaxation test and oscillatory test.
The composition of dispersed systems has a profound effect on its rheological properties. In general, food emulsion rheology depends on droplet size distribution, rheology of the continuous phase, inter-particle interactions and processing conditions such as energy input during emulsification, residence time, application of thermal treatments and so on [5] . Food emulsion rheology can as well be affected by additives such as sodium chloride salt (NaCl) [10, 11, 12] and pH [13] . The pH of food emulsion can however, be adjusted with the use of chemicals like acetic acid [13] . Martinez et al. [13] also used wine vinegar which was made up of 10.3% weight/volume in acetic acid to adjust the pH of salad dressing-type emulsions stabilized by emulsifier blends.
The use of additives, which assist to increase ageing stability and improve rheological properties of oil-in-water food emulsion, is a common practice in the food industry. This is because emulsions are thermodynamically unstable and have tendencies to break down over time due to the difference in specific gravity between the oil droplets and medium usually water [14, 15] . Therefore, the use of emulsifiers and stabilizers becomes a necessity in order to maintain the initial consistence in properties of oil-in-water food emulsion after preparation. However, the unending demand for more natural products by the consumers and increasing legislations for safe and healthy food by governments has made natural stabilizers and emulsifiers in food systems increasingly popular. Adeyi et al. [15] reported that gelatinized bambara groundnut flour (BGNF) solely stabilized sunflower oil-in-water emulsion and that such emulsions may have numerous applications in food industry and hence bambara groundnut has a great potentials as a natural food stabilizer. They reported emulsion formulation containing 40% (w/w) sunflower oil stabilized with 7% (w/w) BGNF as having the highest stability and rheological properties.
However, since most food emulsions contain vinegar either as taste enhancer, preservatives or pH modifiers, it is necessary to investigate its influence on emulsion rheology to determine its stability behaviour during product processing such as pumping and mixing and during product transportation. Therefore, the aim of the study was to investigate the effect of vinegar contents on the rheological properties of sunflower oil-in-water emulsion. This is necessary for its future adoption in industry as a natural additive.
Materials and Methods

Materials
The dried seeds of brown variety of bambara groundnut (BGN) were purchased from Triotrade Gauteng CC, South Africa. The seeds were washed, and cabinet drier (Model: 1069616) was used to dry the seeds at 50 o C for 48 hrs. The dried seeds were milled into flour using a hammer mill and screened through 90 µm sieve to give bambara groundnut flour (BGNF). A commercial brand (Ritebrand) of 100% sunflower oil (SFO) purchased from a local supermarket was used without purification as the hydrophobic dispersed phase in this work. Milli-Q water was used in the preparation of all the emulsions. Food grade vinegar was purchased from a local store in Bellville, South Africa.
Emulsion preparation
Emulsions were prepared from a dispersed phase and a continuous phase according to the method of Adeyi et al. [1] . The dispersed phase was SFO and continuous phase consisted of gelatinized BGNF dispersion containing various vinegar concentrations (0.5 -8% (w/w)). Continuous phase was made by dispersing 7 g BGNF in 53 g of vinegar solutions. The resulting dispersions were gelatinized at a temperature of 84 o C for 10 minutes with constant stirring. The resulting gelatinized BGNF dispersions (GBGNFD) were weighted in order to ascertain the amount of water loss during gelatinization. Water loss during gelatinization was compensated for by adding Milli-Q water to the GBGNFD, stirred and allowed to cool down to 20 o C. SFO of 40% (w/w) were added into the gelatinized BGNF. Emulsions (100 g) were made by homogenizing SFO and gelatinized BGNF at 20 o C using an Ultra Turrax T-25 homogenizer (IKA, Germany) for 10 minutes at the speed of 11000 r/min.
Rheological measurement and modeling of emulsions (A)
Time dependent rheological measurement Shear rate controlled rheometer (Rheolab MC 1, Physica Inc., Stuttgard Germany) was used to conduct the rheological measurements. All rheological experiments were performed at 20 o C without the emulsions sheared previously. Samples were carefully transferred into the rheometer cup and were allowed to rest for about 10 minutes before the experiments commenced. Viscosity was measured as a function of increasing shear rate from 40 to 750 s -1 followed by a decreasing rate from 750 to 40 s -1 . Power law model was used to fit the experimental data (shear stress -shear rate) of forward and backward curves in order to describe the time dependent flow behaviour. The hysteresis loop area was calculated as the area between the upstream data and downstream data using Eq.1 [9, 16] .
Where, K, K ′ are the consistency coefficient and , ′ are the flow behavior indices for upward and downward measurements, respectively. Each experiment was performed in duplicate.
In the second part of this work, the time-dependent rheological properties were investigated by shearing oil-in-water emulsion stabilized with BGNF samples at 20 minutes at constant shear rate of 50 s -1 . Then the emulsion viscosity was measured as a function of shearing time. All measurements were done at a constant temperature of 20 o C. The data were modeled in order to describe the time-dependent flow properties of the BGNF-stabilized emulsions using Weltman model (Eq. 2).
Where, Ʈ is the shear stress, t is the shearing time, and and are constants that characterize a material's time dependent behavior. Parameter represents the initial shear stress and parameter ; the time coefficient of thixotropic breakdown is the product of rate in breakdown of thixotropic structure and time of agitation at constant rate of shear [9] .
Oscillatory experiment Oscillatory experiment was conducted using Discovery HR-1 rheometer (TA Instruments) equipped with temperature control. During the experiments, the temperature was maintained constant at 20 o C. Serrated parallel plates of 1 mm gap were used for all the experiments. Emulsions were carefully loaded into the rheometer and allowed to rest for 10 minutes before rheological test proceeded. Amplitude test was conducted at constant frequency of 6.28 rad/s and the storage and loss moduli were recorded as a function of stress (0.01 -100 Pa). In order to determine the linear viscoelastic region, the storage modulus was plotted against shear stress. A shear stress of 0.1 Pa was afterwards selected for further frequency sweep conducted over a frequency range of 0.628 -62.8 rad/s at a constant stress of 0.1 Pa which has been previously determined during amplitude test. The fingerprint of each emulsion sample in terms of storage and loss moduli was then plotted as a function of frequency. All experiments were duplicated.
(C)
Creep and recovery experiment Creep and recovery studies were conducted in a controlled stress Discovery HR-1 rheometer. Initial pre-shear of 300 s -1 was used on the emulsions for 240 s and equilibration time of 120 s was allowed before a creep and recovery experiment. During the creep-compliance experiment, fresh emulsion samples were suddenly subjected to a constant shear stress of 0.5 Pa which has been previously determined to be in the linear visco-elastic region (LVR). The deformation of the sample was recorded as a function of time during a period of 500 s. The stress was suddenly removed and the recoverable stress was further monitored for another 500 s. The linear viscoelastic region of the emulsions was determined by an amplitude sweep experiment in the range of 0.01 to 100 Pa at a frequency of 1 Hz and constant temperature of 20 o C prior to creep and recovery experiment. All experiments were duplicated.
Data analysis
Experimental data were analysed using IBM Statistical Package for the Social Science (IBM SPSS, version 22). The mean differences between treatments were determined by subjecting the results to multivariate analysis of variance (MANOVA) and Duncan's multiple range test was conducted to separate mean differences where differences exist. Results were expressed as mean ± standard deviation. The goodness-of-fit of the models used was assessed using the coefficient of determination (R 2 ).
Result and Discussion
Effect of vinegar acid on the flow curves and hysteresis loop area
In order to describe and compare the rheology of the emulsions with and without vinegar, forward and backward shear stress sweep experiments were conducted. Fig. 1 shows the ascending and descending flow curves developed for the emulsions with and without vinegar. The relative position of the forward and backward curves showed that the emulsions were time dependent, and the structure of the samples had been destroyed during the forward sweep and this has resulted in a decrease in shear stress during the backward sweep. The structural destruction caused by forward sweep has therefore resulted into hysteresis loop areas between the forward and backward curves. All the emulsions exhibited hysteresis loop area irrespective of the concentration of the vinegar. The presence of the hysteresis loop areas between the forward and backward flow curves and relative positions of the forward and backward curves indicated that all of the emulsions were thixotropic in nature. The viscosity of a thixotropic fluid decreases progressively with shearing time which could be as a result of structural breakdown [17] . Comparison of the loop areas revealed similarities and differences among emulsions with and without vinegar. Although some of the rheological behaviors of the emulsions with and without vinegar were similar, the closed loop area showed that emulsion without vinegar had a relatively larger loop area compared to emulsions with vinegar. However, all the emulsions with vinegar have closely identical hysteresis loop areas. This may be attributed to the structural similarities (droplet-droplet and BGNF -droplets interactions) among the emulsions with vinegar. Fig. 2 shows the effect of vinegar on the steady state apparent viscosity curves of the optimum BGNF emulsion. All the emulsions were shear thinning in nature since the apparent viscosities decreased with increased shear rate [1] . The apparent viscosities of BGNF stabilized emulsion were sensitive to the influence of vinegar and tended to decrease in the presence of vinegar (Fig. 2) . BGNF matrix with vinegar at all concentrations were unable to form a comparable oil droplet structures to BGNF matrix without vinegar and this has resulted into a decrease in apparent viscosities of the emulsions. All the emulsions formed by BGNF matrix with vinegar recorded lower and overlapped apparent viscosities at all shear rates investigated. The decrease in apparent viscosity for emulsion containing vinegar could probably be as a result of both weakened BGNF strength and big droplet sizes which subsequently reduced droplet interactions. The internal structure of the emulsion without vinegar remained totally flocculated and hence its apparent viscosities at all tested shear rates were the highest due to the droplet-droplet and BGNF-oil droplet interactions and high matrix strength which enhanced good oil-droplet structural formation. Regarding apparent viscosities, the behaviour of all the emulsions containing vinegar cannot be resolved. However, it seemed that vinegar concentration of 0.5% (w/w) was enough to provide optimum inhibition of structuration in the polymer network during formation as there was no difference between the flow properties of emulsions containing 0.5, 2, 4, 6 and 8% (w/w). Table 1 shows the data obtained when the flow curves of Fig. 1 were further analysed using power law rheological model. The hysteresis loop area was also included in the Table 1 . High coefficient of determination indicated the ability of power law rheological model to describe the intrinsic rheological properties of the emulsions. Ohishi et al. [19] also used power law model to evaluate the effect of acetic acid on the flow curves of gelatinized rice starch and pastes. Vinegar concentrations had observable effects on the power law parameters and hysteresis loop area. The mean of consistency coefficient ranged from 7.09 to 30.1 and 4.19 to 5.90 Pas for forward and backward curves, respectively while the flow behaviour index (n and n i ), a measure of fluid resistance to flow was in the range 0.34 to 0.49 and 0.58 to 0.62 for forward and backward curves respectively. The flow behaviour index for the forward and backward curve were less than unity indicating that all the emulsions were pseudoplastic in nature. For all the formulation studied, the consistency coefficients of the forward curve were higher than those of corresponding values for the backward curve while the flow behavior index of the forward curve were lower than those of corresponding values of backward curves indicative of structural destruction in the emulsion systems during forward shear stress sweep. There was a significant decrease and increase in the consistency coefficient and flow behaviour index, respectively for the forward and backward curves of emulsions with vinegar relative to emulsion without vinegar. This indicated that the presence of vinegar had decreased the emulsion viscosity and this probably could be due to inability of BGNF matrix containing vinegar to form structured emulsion of comparable strength to BGNF matrix without vinegar. The viscosity of BGNF matrix could probably have decreased and strength weakened by vinegar and hence it reduced ability to form emulsion. Ohishi et al. [19] reported a significant decrease in viscosity of rice starch and flour gelatinized in the presence of acetic acid relative to distilled water. The effect of vinegar concentrations of 0.5, 2, 4, 6 and 8% (w/w) did not show a significant difference on consistency coefficient and flow behavior index. The effect of vinegar concentration on the magnitude of hysteresis loop area is shown in Table 1 . The magnitude of hysteresis loop area gave information regarding the thixotropy of a material and has been explained to be an index of energy required to eliminate the structure responsible for flow time dependence. The area enclosed by the curves indicated the degree of structural breakdown [17] . The presence of vinegar at all concentrations in the emulsions decreased the magnitude of hysteresis loop area significantly. The mean hysteresis loop area ranged from 162 to 694 Pas -1 with the highest value belonging to emulsion without vinegar. All the emulsions containing vinegar showed closely related small magnitude of hysteresis loop area relative to emulsion without vinegar. Ohishi et al. [19] found time dependency in rice starch and flour and reported remarkably small degree of thixotropy for rice starch and flour gelatinized with acetic acid. Their observation was attributed to loosened structure of starch during heating with acetic acid. The magnitude of hysteresis loop area decreased significantly when vinegar was increased from 0 to 0.5% (w/w) however, was not significantly different in emulsions with vinegar. Although the emulsion without vinegar showed the highest thixotropic effect, the high value of magnitude of hysteresis loop area was an indication of high structural interactions and stronger strength which resulted into a correspondingly high viscosity. However, as it was reported by Tarrega et al. [9] and Koocheki and Razavi [16] , that a high viscous thixotropic fluid may show a larger hysteresis area than a lower viscosity one even if the latter undergoes a stronger structural destruction.
Effect of vinegar on the steady shear decay
In order to elucidate the time dependent behavior observed by hysteresis loop area method, steady shear decay method was employed. Paredes et al. [20] and Figoni and Shoemaker [21] also investigated the time dependent characteristics of oil-in-water emulsions using steady shear decay method. Emulsions with and without vinegar were sheared and their behaviors were compared at constant shear rate of 50 s -1 . Fig. 3 shows the effect of shearing time on the viscosity of the emulsions containing different concentration of vinegar measured at a constant shear rate of 50 s -1 . All the emulsions showed a time dependent thixotropic characteristics evident from an observable decrease in the viscosity with increased shearing time [18] . Similar observations were reported by Augusto et al. [8] and Ramaswamy and Basak [22] for time dependent thixotropic behavior of tomato juice and yogurt respectively. In addition, different vinegar contents in the emulsions had changed thixotropic properties of the emulsion in a different manner. Emulsion properties have been reported to be greatly influenced by the presence of additives in the emulsion [10, 23, 24] . The viscosity of the emulsions with and without vinegar at initial and final time of shearing can be visualized from the ordinate of the viscosity shearing time graph (Fig. 3) . The presence of vinegar in the emulsion had reduced the viscosity of the emulsions relative to emulsion without vinegar. A contrary observation was however, reported by Martínez et al [10] on the rheological properties of emulsions containing salts and stabilized with protein emulsifier blends. This increase in values of rheological parameters as a function of salt content was explained on the basis of a more apparent increasing interdroplet interactions and viscosity of the continuous medium which was induced by salt addition. The curve of the emulsion with no vinegar was at the uppermost while emulsions containing 0.5, 2, 4, 6 and 8% (w/w) vinegar were below and unresolved. The highest changes in viscosity between the initial and final time of shearing was found in the emulsion without vinegar while emulsions containing 0.5, 2, 4, 6 and 8% (w/w) showed similar changes.
The observed influence of vinegar on time dependent characteristics in the emulsion was modeled using Weltman model. Table 2 shows the Weltman model parameters at a constant shear rate of 50 s -1 as a function of vinegar concentration. The high coefficient of determination (> 0.97) suggested that Weltman model was able to represent the time dependent rheological data. Weltman model was also found appropriate to describe the time dependent stress decay rheology of stirred yogurt [22] . The presence of vinegar in the BGNF emulsion had produced different significant effects on Weltman model parameters. The mean of Weltman model parameter A ranged from 2.55 to 24.2 Pa and parameter B was from 59.9 to 286 Pa for emulsions with and without vinegar. Both parameters of Weltman model showed a sharp decline till vinegar concentration of 0.5% (w/w) and remained nearly constant afterwards. The highest of parameters A and B belonged to emulsion without vinegar. However, a comparison among emulsions prepared with different concentrations of vinegar showed that the effect of all vinegar concentration produced similar effect on Weltman model parameters. Basu et al. [25] also reported that pectin concentration and pH did not follow any systematic variation on Weltman model coefficients when investing the time dependent rheological characteristics of pineapple jam. It can therefore be inferred that the extent of structural destruction in the BGNF stabilized emulsions was a function of both BGNF matrix and oil droplets interactions. The high value of parameter B indicated in emulsion without vinegar showed the strong contribution of BGNF matrix to structural formation in terms of droplet-droplet interactions which consequently increased emulsion viscosity relative to the weakened BGNF-matrix of emulsions with vinegar. High viscosity possessed by emulsion without vinegar made it to suffer greater structural destruction relative to emulsions with vinegar. All emulsions with vinegar were not able to form emulsion of high viscosity which could be due to weakened matrix and poor droplet-droplet interaction. Emulsion containing 0.5% (w/w) vinegar however, possessed marginally higher parameters A and B among others. Fig. 4 shows the results of the frequency sweep obtained for optimum emulsion without vinegar and with 0.5, 2, 4, 6 and 8% (w/w) vinegar. All the emulsions exhibited both the storage (G') and loss (G'') moduli. Emulsions stabilized with whey protein isolate [26] and mayonnaise emulsion [27] also exhibited both G' and G'' Both of the material functions (G' and G") showed significant dependence on the frequency and increased with increase in frequency for the emulsions with and without vinegar. The spectra of emulsions with and without vinegar showed solid-like behaviour at all the frequencies where G' dominated and was higher than the G'' curve [28] and tended to show a constant limiting value. The predominance of the elastic characteristics (G') over viscous characteristics (G") at the considered frequency range for all the emulsions suggested that all the studied emulsions were weak gels [29] . Weak gel characteristic was also found in salad dressing emulsions supplemented with various pulse flours [30] and polymer thickened oil-in-water emulsions [31] . The emulsions possessed high G' values at the low frequencies which indicated that emulsions have tendencies to be rigid and stable during storage. The effect of vinegar was noticeable on the material functions when compared with emulsion without vinegar. Both G' and G'' were observed to decrease in the presence of vinegar showing more liquid-like character [32] . Decreased G' and G'' with increased ionic strength and pH was also reported for chitosan solutions and reduced-fat model processed cheese spreads [32, 33] . Decreased G' and G" was due to decreased structural interactions in the emulsions. The observed decrease in material function in the presence of vinegar was a result of weakening of BGNF matrix by vinegar. The vinegar reduced the BGNF matrix strength necessary for emulsion formation relative to emulsion without vinegar. However, the G' and G" curves of emulsions whose BGNF matrix contained 0.5, 2, 4, 6 and 8% (w/w) vinegar did not show a clear distinction. There were overlaps among emulsions with vinegar at the frequency range considered. Table 3 shows the G' and G'' obtained for the emulsions with and without vinegar at low frequency of 0.628 rad/s. The means of G' and G'' ranged from 12.30 to 111 Pa and 6.37 to 19.1 Pa, respectively. The G' and G" of emulsions with and without vinegar were significantly different while the G' and G'' of emulsions formulated with 2, 4, and 6% (w/w) were not significantly different from each other. The G' and G'' of emulsions containing 0.5% (w/w) and 8% (w/w) vinegar and viscous properties of all the emulsions with vinegar were not significantly different. for the next 500 s. Both of the emulsions with and without vinegar showed similar viscoelastic characteristics during creep and recovery phases. As an example, J steadily increased when a stress of 0.5 Pa was imposed on all the emulsions during the creep stage and the elastic component of the deformation recovered instantaneously when the load was removed (Fig. 5) . Similar observation was reported for salad dressing type emulsion supplemented with pulse [30] . The emulsion without vinegar recorded the lowest J while emulsion with vinegar showed very similar and overlapping creep and recovery graphs. The presence of vinegar in the emulsion drastically increased J. The higher J showed by emulsions with vinegar relative to emulsion without vinegar indicated a negligible instantaneous elastic compliance. This implied that the network of the emulsion structures with vinegar were weaker and less rigid when compared with emulsion without vinegar. Similar observation was reported on the effect of heat treatment of commercial soy protein dispersions [34] . Emulsions with lower J possessed stronger structural interactions (high rigidity) hence gave small deformation when the stress was imposed on them. All concentrations of vinegar tested had very similar influence on the J. Table 4 shows the effect of vinegar on the recoverable strain, Q (t)% of the emulsion. Q (t)% indicated how much percentage of the structure was able to recover when the load was withdrawn from the emulsions and hence it was a measure of the elasticity of the emulsion [30] . Increased Q (t)% can therefore be linked to increased elasticity of emulsions. The mean of Q (t)% ranged between 33.5 to 46.2% for all the emulsions. Emulsion without vinegar was significantly different from emulsions formulated with vinegar. Although there was a significant difference between the emulsions with 0.5 and 2% (w/w) and emulsions with 4, 6 and 8% (w/w) there was no clearly observable difference in their creep and recovery graphs.
Effect of vinegar on the viscoelastic properties (storage and loss moduli)
Conclusion
Vinegar had caused changes in the properties of the BGNF polymer network during continuous phase preparations. The observation of relative weakening of BGNF by vinegar concentration was confirmed by rheological results. There were observed significant decrease in the emulsion apparent viscosity and viscoelasticity with the presence of vinegar in the BGNF matrix. This is an indication of weakness in BGNF polymer network and oil droplets interactions. The behaviour of all emulsions containing vinegar as determined by many rheological methods could not be resolved, indicating very comparable structures. Therefore, the presence of vinegar at concentration of 0.5% (w/w) upwards may be very deleterious to the properties of BGNF emulsions. Hence a compatible taste enhancer needs to be further investigated and or a better way of incorporating vinegar into the BGNF-stabilized emulsion needs to be explored. 
